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© A charge-coupled device comprises transfer 
gate electrodes separated from a substrate by a 
multilayer insulating film, and gate electrodes of MIS 
transistors separated from the substrate by a single 
layer insulating film. The multilayer insulating film 
comprising at least a lower silicon oxide layer of 10 
nm to 200 nm thickness and an upper silicon nitride 

Fig. t 



layer of 10 nm to 100 nm thickness. Since each of 
the gate insulating films of the MIS transistors is the 
same layer as the lower silicon oxide layer, there 
occurs no degradation in the transistor characteris- 
tics due to the surface states or the trapping states 
present within the silicon nitride layer. 
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BACKGROUND OF THE INVENTION 

1 . Field of the Invention: 

The present invention relates to a charge-coup- 
led device used in a solid-state imaging sensor, a 
memory device, and a delay device. More particu- 
larly, the invention relates to a charge-coupled de- 
vice having an ONO (oxide-nitride-oxide) transfer 
gate insulating film, specifically to a charge-coup- 
led device and a solid-state imaging sensor de- 
signed to reduce the surface states in the periph- 
eral circuit transistors; and to a method of manufac- 
turing such devices. 

2. Description of the Prior Art: 

In general, a charge-coupled device (CCD) 
comprises a semiconductor substrate, a buried 
transfer channel formed in the semiconductor sub- 
strate, a transfer gate insulating film formed on the 
semiconductor substrate, and transfer gate elec- 
trodes of two-level or three-level structure formed 
on the transfer gate insulating film. To enhance the 
transfer efficiency of charges along the buried 
transfer channel, a multilayer insulating film con- 
sisting of a silicon oxide layer, a silicon nitride 
layer, and a silicon oxide layer (the so-called ONO 
film) is often used for the transfer gate insulating 
film. In the charge-coupled devices in which the 
ONO film is used as the transfer gate insulating 
film, when forming second transfer gate electrodes, 
the formation of thick silicon oxide layers (the so- 
called gate bird's beak) under the edges of the first 
level transfer gate electrodes is prevented. Also, 
the dielectric strength of the ONO film is larger 
than that of a single silicon oxide layer. 

Japanese Laid-Open Patent Publication No. 2- 
220450 discloses an example of a charge-coupled 
device using an ONO film as an gate insulating 
film. The charge-coupled device and the method of 
fabricating the same disclosed therein will be de- 
scribed below with reference to the accompanying 
drawings. Figure 11 shows the prior art charge- 
coupled device. The charge coupled device com- 
prises: a semiconductor substrate 3 which has a 
charge transfer block 1 and a peripheral circuit 
block 2; and an isolation oxide 4 for isolating the 
charge transfer block 1 from the peripheral circuit 
block 2. A multilayer insulting film 8 is formed on 
the charge transfer block 1. The multilayer insulat- 
ing film 8 includes a silicon oxide layer 5 formed 
on the semiconductor substrate 3, a silicon nitride 
layer 6 formed on the silicon oxide layer 5, and a 
silicon oxide layer 7 formed on the silicon nitride 
layer 6. First transfer gate electrodes 9 are formed 
on the multilayer insulating film 8. A silicon oxide 
layer 10 is formed on the surface of the first 



transfer gate electrodes 9. Second transfer gate 
electrodes 1 1 are formed between the first transfer 
gate electrodes 9. A MIS (metal insulator semicon- 
ductor) transistor is formed on the peripheral circuit 
5 block 2. The MIS transistor comprises a gate in- 
sulating film 12 formed on the peripheral circuit 
block 2, a gate electrode 14 formed on the gate 
insulting film 12, source and drain regions 13 
formed in the peripheral circuit block 2 of the 

w semiconductor substrate 3. 

As shown, on the charge transfer block 1, the 
multilayer insulating film 8 of the transfer gate is 
formed under the transfer gate electrodes 9 and 
11, while on the other hand, the gate insulating film 

15 12 of the peripheral circuit block 2 is formed from a 
single-layer insulating film. This construction is said 
to provide the effect that since the gate electrode 
in the peripheral circuit block 2 is provided with the 
single layer insulating film, it is easy to obtain the 

20 desired threshold voltage of a MIS transistor of the 
peripheral circuit block 2. Another one is that since 
the transfer gate electrodes 9 and 11 in the charge 
transfer block 1 are formed above the multilayer 
insulating film 8 having a high reliability, there is no 

25 possibility of causing pinholes in the multilayer 
insulating film 8. 

Figures 12A through 12E show the process 
sequence for the fabrication of the charge-coupled 
device. The description below uses the same refer- 

30 ence numerals as used in Figure 1 1 to indicate the 
same parts or portions. First, the insulating film is 
formed to form the isolation oxide 4 on the semi- 
conductor substrate 3, as shown in Figure 12A. 
Next, the silicon oxide layer 5 is formed over the 

35 semiconductor substrate 3 by thermal oxidation. 
The silicon nitride layer 6 is formed on top of the 
silicon oxide layer 5 by CVD. Further, the silicon 
oxide layer 7 is formed on top of the silicon nitride 
layer 6, as shown in Figure 12B. 

40 Thereafter, the first transfer gate electrodes 9 

are formed by CVD and selective etching. Further, 
the silicon oxide layers 10 are formed on the first 
transfer gate electrodes 9, as shown in Figure 12C. 
Next, a resist 15 is applied over the entire surface 

45 of the charge transfer block 1. Using the resist 15 
as a mask for etching, the multilayer insulating film 
8 are removed from the peripheral circuit block 2, 
as shown in Figure 12D. 

Next, the surface of the semiconductor sub- 
so strate 3 is thermally oxidized to form the gate 
insulating film 12 on the peripheral circuit block 2. 
Thereafter, using a second polysilicon, the transfer 
gate electrode 11 and the gate electrode 14 are 
formed. Finally, the source and drain 13 are formed 

55 in the peripheral circuit block 2, as shown in Figure 
12E. 

The above prior art construction cannot be 
used for applications in which the MIS transistors 
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are required to have different gate insulating film 
thicknesses for different purposes, for example, 
when transistors with a reduced resistance in "On" 
state at the time of switching and with thus reduced 
noise are formed together with transistors that are 
used only as resistors such as load transistors. 

With the prior art fabrication method, the gate 
insulating film 12 of the peripheral circuit block 2 is 
fixed to a prescribed thickness and cannot be 
varied in thickness according to the purpose of the 
peripheral circuit. 

The prior art method requires that the ONO 
film 8 in the peripheral circuit block 2 be removed 
before the formation of the gate insulating film 12 
in the peripheral circuit block 2. As a result, the 
process becomes complicated. When the gate in- 
sulating film 12 is formed by an oxidation step, 
exposed portions of the ONO film between the first 
transfer gate electrodes 9 is also oxidized to form 
bird's beak encroaching the first transfer gate elec- 
trodes 9, thereby degrading the characteristics of 
the charge-coupled device. Furthermore, there oc- 
curs a difference in the thickness of the insulating 
film 7 between the portions below the first transfer 
gate electrodes 9 and the portions below the sec- 
ond transfer gate electrodes 11. This results in 
nonuniformity of the channel formed under the 
transfer gate electrodes 9 and 11, causing deg- 
radation in the reliability of characteristics as the 
charge-coupled device. 

Also, the regions of the peripheral circuit block 
2 from which the silicon nitride layer 4 has been 
removed are affected by the stress when the isola- 
tion oxide 4 is formed, which can lead to fatal 
damage to the characteristics of the peripheral 
circuit. 

SUMMARY OF THE INVENTION 

The charge-coupled device of this invention, 
which overcomes the above-discussed and numer- 
ous other disadvantages and deficiencies of the 
prior art, comprises: a semiconductor substrate 
having a top surface, said top surface having a 
charge transfer region and a peripheral circuit re- 
gion; a transfer gate insulating film formed on said 
top surface of said semiconductor substrate, said 
transfer gate insulating film including at least two 
insulating layers and covering said charge transfer 
region; a plurality of transfer gate electrodes 
formed on said transfer gate insulating film; and at 
least one metal-insulator-semiconductor transistor 
formed at said peripheral circuit region, said tran- 
sistor having a gate insulating film formed on said 
peripheral circuit region, said gate insulating film 
including at least one of said at least two insulating 
layers: 

In a preferred embodiment, said at least two 



insulating layers comprises a silicon oxide layer 
formed on said charge transfer region, and a silicon 
nitride layer formed on said silicon oxide layer. 
In a preferred embodiment, the thickness of 
5 said silicon oxide layer is 10 nm to 200 nm, and 
the thickness of said silicon nitride layer is 10 nm 
to 100 nm. 

In a preferred embodiment, another silicon ox- 
ide layer is formed on said silicon nitride layer and 

70 said peripheral circuit region of said semiconductor 
substrate, and part of said another silicon oxide 
layer constitutes said gate insulating film. 

According to the invention, a charge-coupled 
device comprises: a semiconductor substrate hav- 

15 ing a top surface, said top surface having a charge 
transfer region and a peripheral circuit region; a 
transfer gate insulating film formed on said top 
surface of said semiconductor substrate, said trans- 
fer gate insulating film including two insulating lay- 

20 ers and covering said charge transfer region at 
least; a plurality of transfer gate electrodes formed 
on said transfer gate insulating film; at least one 
first metal-insulator-semiconductor transistor 
formed at said peripheral circuit region, said first 

25 metal-insulator-semiconductor transistor having a 
first gate insulating film formed on said peripheral 
circuit region, said first gate insulating film includ- 
ing at least one of said two insulating layers; and at 
least one second metal-insulator-semiconductor 

so transistor formed at said peripheral circuit region, 
said second metal-insulator-semiconductor transis- 
tor having a second gate insulating film formed on 
said peripheral circuit region, the thickness of said 
second gate insulating film being different from that 

35 of said first gate insulating film. 

In a preferred embodiment, said at least two 
insulating layers comprises a first silicon oxide 
layer formed on said charge transfer region, a 
silicon nitride layer formed on said first silicon 

40 oxide layer and a second silicon oxide layer 
formed on said silicon nitride layer, and part of said 
second silicon oxide layer constitutes said first gate 
insulating film. 

In a preferred embodiment, the thickness of 

45 said silicon oxide layer is 10 nm to 200 nm, and 
the thickness of said silicon nitride layer is 10 nm 
to 100 nm. 

According to the invention, a solid-sate imaging 
sensor comprises: semiconductor substrate having 

so a top surface, said top surface having a plurality of 
photodiodes regions and a plurality of charge trans- 
fer regions; a plurality of photodiodes each formed 
at a respective one of said plurality of photodiode 
regions, a plurality of transfer gate insulating films 

55 formed on said top surface of said semiconductor 
substrate, each of said transfer gate insulating films 
including at least two insulating layers and covering 
a respective one of said charge transfer regions, 
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one of said two insulating layers covering a respec- 
tive one of said photodiode region at least; and a 
plurality of transfer gate electrodes formed on said 
transfer gate insulating film. 

According to the invention, a charge-coupled 
device comprises: a semiconductor substrate hav- 
ing a top surface, said top surface having a charge 
transfer region and a peripheral circuit region; a 
field isolation oxide disposed between said charge 
transfer region and said peripheral circuit region, 
said field isolation oxide surrounding said periph- 
eral circuit region; an insulating film formed on said 
peripheral circuit region, said insulating film spaced 
away from an edge of said field isolation oxide by 
a distance; a transfer gate insulating film formed on 
said top surface of said semiconductor substrate, 
said transfer gate insulating film including at least 
two insulating layers and covering said charge 
transfer region; a plurality of transfer gate elec- 
trodes formed on said transfer gate insulating film; 
and at least one metal-insulator-semiconductor 
transistor formed at said peripheral region, said 
transistor having said gate insulating film, said gate 
insulating film including at least one of said at least 
two insulating layers. 

In a preferred embodiment, said distance is 
more than the thickness of said field isolation ox- 
ide. 

According to the invention, a method of 
fabricating a charge-coupled device comprises the 
steps of: forming a first silicon oxide layer on a top 
surface of a semiconductor substrate, said top sur- 
face having a charge transfer region and a periph- 
eral circuit region; forming a silicon nitride layer on 
said first silicon oxide layer; forming at least one 
window through said silicon nitride layer and said 
first silicon oxide layer, said window exposing part 
of said peripheral circuit region; oxidizing said part 
of said peripheral circuit region and a surface of 
said silicon nitride layer for forming a second sili- 
con oxide layer on said part of said peripheral 
circuit region and on said silicon nitride layer, 
thereby forming a transfer gate insulating film in- 
cluding said first silicon oxide layer, said silicon 
nitride layer and said second silicon oxide layer; 
and depositing a polysilicon film on said second 
silicon oxide layer, and patterning said polysilicon 
film of a plurality of transfer gate electrodes and at 
least one gate electrode, said transfer gate elec- 
trodes being over said charge transfer region and 
said at least one gate electrode being over said 
part of said peripheral circuit region. 

According to the invention, a method of 
fabricating a charge-coupled device comprising the 
steps of: forming a field isolation oxide at a pre- 
scribed region of a top surface of a semiconductor 
substrate for dividing said top surface into a charge 
transfer region and a peripheral circuit region by 



said field isolation oxide; forming a first silicon 
oxide layer on said top surface of said semicon- 
ductor substrate; forming a silicon nitride layer on 
said first silicon oxide layer; removing a portion of 
5 said silicon nitride layer, said portion being at said 
periphery circuit region of said top surface of said 
semiconductor substrate, for exposing a surface of 
said first silicon oxide layer; removing a portion of 
said first silicon oxide layer, said portion being at 

io said periphery circuit region of said top surface of 
said semiconductor substrate; forming a second 
silicon oxide layer on said silicon nitride layer for 
forming a transfer gate insulating film including 
said first silicon oxide layer, said silicon nitride 

15 layer and said second silicon oxide layer; forming a 
plurality of first transfer gate electrodes on said 
transfer gate insulating film and simultaneously for- 
ming a gate electrode on said second silicon oxide 
layer; forming a third silicon oxide layer at surfaces 

20 of said first transfer gate electrodes by oxidizing 
said surfaces of said first transfer gate electrodes; 
and forming a plurality of second transfer gate 
electrodes on said transfer gate insulating film and 
said third silicon oxide layer. 

25 According the invention, a method of fabricat- 

ing a charge-coupled device comprises the steps 
of: forming a field isolation oxide at a prescribed 
region of a top surface of a semiconductor sub- 
strate for dividing said top surface into a charge 

30 transfer region and a peripheral circuit region by 
said field isolation oxide; forming a first silicon 
oxide layer on said top surface of said semicon- 
ductor substrate; forming a silicon nitride layer on 
said first silicon oxide layer; removing a first portion 

35 of said silicon nitride layer, said first portion being 
at said periphery circuit region of said top surface 
of said semiconductor substrate, for exposing a 
surface of said first silicon oxide layer; removing a 
first portion of said first silicon oxide layer for 

40 exposing a surface of said semiconductor sub- 
strate, said first portion being at said periphery 
circuit region of said top surface of said semicon- 
ductor substrate; forming a second silicon oxide 
layer on said silicon nitride layer for forming a 

45 transfer gate insulating film including said first sili- 
con oxide layer, said silicon nitride layer and said 
second silicon oxide layer; forming a plurality of 
first transfer gate electrodes on said transfer gate 
insulating film and simultaneously forming a first 

so gate electrode on said second silicon oxide layer; 
removing a second portion of said silicon nitride 
layer, said second portion being at said periphery 
circuit region of said top surface of said semicon- 
ductor substrate, for exposing a surface of said first 

55 silicon oxide layer; removing a second portion of 
said first silicon oxide layer for exposing a surface 
of said semiconductor substrate, said second por- 
tion being at said periphery circuit region of said 
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top surface of said semiconductor substrate; for- 
ming a third silicon oxide layer at surfaces of said 
first transfer gate electrodes by oxidizing said sur- 
faces of said first transfer gate electrode; and for- 
ming a plurality of second transfer gate electrodes 
on said transfer gate insulating film and said third 
silicon oxide layer, and simultaneously forming a 
second gate electrode on said second silicon oxide 
layer. 

According to the present invention, a charge- 
coupled device is presented which is provided with 
the desired dielectric strength and in which no 
degradation occurs in the transfer efficiency or the 
saturation characteristics for signal charges in the 
CCD channel. 

Since the gate insulating film is formed in a 
prescribed thickness, the lower side value (<f>L) of 
the drive voltage is prevented from dropping, there- 
by causing degradation in the transfer efficiency. 
Furthermore, the higher side value ($H) of the drive 
voltage is prevented from increasing, and therefore, 
the pulse generator used for driving the device is 
not required to have an increased resistance to 
high voltage. Also, the films can be formed with 
good stability, contributing to the enhancement of 
the device reliability. Furthermore, no variations 
occur in the effective voltage applied to the CCD 
channel even when the charge-coupled device is 
used for on extended length of time. 

In the charge-coupled device of the present 
invention, since the silicon nitride layer is removed, 
the stress caused to the entire charge-coupled 
device can be reduced. Also, when using this 
charge-coupled device as a solid-state imaging 
sensor, since there is no silicon nitride layer, the 
light falling on the photodiode does not suffer at- 
tenuation. 

Also, since a single layer of silicon oxide is 
used as the gate insulating film of the MIS transis- 
tors, there occurs no degradation in the transistor 
characteristics due to the surface states or to the 
trapping states present in the insulating film. As a 
result, no degradation is caused in the noise and 
frequency characteristics of the MIS transistors due 
to an increase in the surface state density. Also, 
there are caused no variations in the threshold 
voltage Vth of the MIS transistors or degradation in 
the mutual conductance gm due to an increase in 
the trap density within the gate insulating film. 

Further, the MIS transistors in the charge-coup- 
led device of the present invention have low am- 
plifier noise, which is about two-fifths that of con- 
ventional MIS transistors. This allows sufficient am- 
plification of very weak signal charges in the opera- 
tion of the charge-coupled device. Also, the fre- 
quency characteristics of the MIS transistors of the 
present invention can be enhanced to a level about 
1.4 times higher than those of conventional MIS 



transistors. Furthermore, the gate insulating film of 
the MIS transistors in the peripheral circuit can be 
set to the optimum thickness according to the 
application. This facilitates the device miniaturiza- 
5 tion and the optimization of the device characteris- 
tics. Moreover, since the thickness of the gate 
insulating film of the MIS transistors can be chosen 
as desired, transistors with a reduced resistance in 
"on" state at the time of switching and thus re- 

io duced noise can be used together with transistors 
that are used only as resistors such as load transis- 
tors. Therefore, there is no possibility that the con- 
ductance gm increases, nor is there any need to 
increase the size of the transistors. This also 

15 serves to prevent the high frequency characteris- 
tics from degrading due to an increase in the 
addition capacitance. 

Furthermore, since the silicon nitride layer is 
removed from the peripheral circuit block, it is 

20 possible to form the MIS transistors in the regions 
less susceptible to the disadvantage of the surface 
states. This prevents Vt from being adversely af- 
fected by the stress. 

In the method of fabricating a charge-coupled 

25 " device according to the present invention, since the 
gate insulating film formed on the peripheral circuit 
block is grown simultaneously on the charge trans- 
fer block having a silicon nitride layer on its top 
surface, the process is simplified and the thickness 

30 of the gate insulating film can be varied according 
to the purpose. Furthermore, the first transfer gate 
electrodes of the charge transfer block and the 
gate electrodes of the peripheral circuit can be 
formed in the process of self-alignment, which also 

35 serves to simplify the process. Also, when forming 
transistors of different purposes in the peripheral 
circuit, the gate insulating film of the peripheral 
circuit, the first transfer gate electrodes of the 
charge transfer block, and the gate electrodes of 

40 the peripheral circuit are formed in the process of 
the self-alignment in the charge transfer block, and 
then, the gate insulating film of the transistor of 
different purpose can be formed simultaneously 
with the insulating film that is used for electrically 

45 isolating the first transfer gate electrodes. At this 
time, the gate electrode of the transistor of different 
purpose and the second transfer gate electrodes 
can be formed simultaneously. This serves to sim- 
plify the process. 

so In the method of fabricating a charge-coupled 

device according to the present invention, the mul- 
tilayer film consisting of silicon oxide layer and 
silicon nitride layer is removed before forming the 
gate insulating film on the peripheral circuit. As a 

55 result, the process is simplified as compared with 
the prior art method. Furthermore, the gate insulat- 
ing film is formed on the peripheral circuit while the 
silicon nitride layer remains on the top surface of 
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the charge transfer block. When the transfer gate 
insulating film is oxidized in this situation, no 
change is caused in the silicon nitride layer itself 
but only a silicon oxide layer of about 5 nm thick- 
ness is grown at the same time that the gate 5 
insulating film of the peripheral circuit is formed. As 
a result, the transfer gate insulating film is provided 
with a uniform thickness both under the first trans- 
fer gate electrodes and under the second transfer 
gate electrodes. io 

Thus, the invention described herein makes 
possible the objectives of: 

(1) providing a charge-coupled device in which 
no degradation occurs in the device characteris- 
tics of the peripheral circuit due to surface 75 
states or to trapping states, the desired dielec- 
tric strength is provided, and no degradation 
occurs in the saturation characteristics; 

(2) providing a charge-coupled device in which 

no degradation occurs in the transfer efficiency 20 
and which does not require that the pulse gener- 
ator used be of a high voltage resistance type; 

(3) providing a charge-coupled device that does 
not cause the light falling on photodiodes to 
suffer attenuation even when the device is used 25 
in a solid-state imaging sensor; 

(4) providing a charge-coupled device having 
low amplifier noise and high frequency char- 
acteristics; 

(5) providing a method of fabricating a charge- 30 
coupled device in which MIS transistors with a 
reduced resistance in "on" state at the time of 
switching and thus reduced noise are used to- 
gether with transistors that are used only as 
resistors such as load transistors; 35 

(6) providing a method of fabricating a charge- 
coupled device, which allows the thickness of 
gate insulating layers of MIS transistors in a 
peripheral circuit to be varied according to a 
respective purpose of the MIS transistor; and ao 

(7) providing a method of fabricating a charge- 
coupled device which is immune from the effect 
of the stress caused when an isolation oxide 
(LOCOS) is formed. 

45 

BRIEF DESCRIPTION OF THE DRAWINGS 

This invention may be better understood and 
its numerous objects and advantages will become 
apparent to those skilled in the art by reference to so 
the accompanying drawings as follows: 

Figure 1 shows a cross sectional view of a first 
embodiment of the present invention. 
Figure 2 shows a cross section of the charge- 
coupled device of the first embodiment adapted 55 
for use in a solid-state imaging sensor. 
Figure 3 is a graph showing a comparison be- 
tween the first embodiment and a prior art 



charge-coupled device with respective to am- 
plifier noise and frequency characteristics. 
Figure 4 shows a cross-sectional view of a sec- 
ond embodiment of the present invention. 
Figure 5 shows a cross-sectional view of a third 
embodiment of the present invention. 
Figure 6 shows a plan view of a MIS transistor 
in a peripheral circuit of the embodiments of the 
present invention. 

Figure 7 shows a cross-sectional view of a 
fourth embodiment of the present invention. 
Figure 8 shows a plan view of an FT (frame- 
transfer) solid-state imaging sensor. 
Figures 9A through 9E show a process se- 
quence for fabricating a fifth embodiment of the 
present invention. 

Figures 10A through 10F show a process se- 
quence for fabricating a sixth embodiment of the 
present invention. 

Figure 11 shows a prior art charge-coupled de- 
vice. 

Figures 12A through 12E show the process se- 
quence for the fabrication of the prior art 
charge-coupled device. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Figure 1 shows a first embodiment of the 
present invention. In the cross section are shown 
one end of a buried-channel charge transfer block 
and a surface-channel MIS transistor that consti- 
tutes part of a peripheral circuit block. 

A p-type diffusion layer 52 is formed in the 
surface of the principal plane of an n-type silicon 
substrate 51. The impurity concentration of the p- 
type diffusion layer 52 is 1 to 5 x 10 16 /cm 3 . The 
impurity concentration affects the transfer efficien- 
cy and the saturation capacitance of signal charges 
in the CCD channel hereinafter described. It is 
therefore important to maintain the impurity con- 
centration within the specified range. The p-type 
diffusion layer 52 is formed to a depth of about 5 
um below the surface of the silicon substrate 51. 
The depth of the p-type diffusion layer 52 has a 
prescribed relationship with the breakdown voltage 
of a PN junction between the p-type diffusion layer 

52 and the silicon substrate 51. Therefore, the 
depth is controlled to within a prescribed range, 
along with the impurity concentration, so that there 
will be no deterioration of the breakdown voltage. 

In the region of the p-type diffusion layer 52 
where the buried type charge transfer block is to 
be formed, there is formed an n-type diffusion 
layer 53 which acts as the CCD channel. The 
impurity concentration of the n-type diffusion layer 

53 is 5 to 10 x 10 16 /cm 3 . As in the case of the p- 
type diffusion layer 52, the impurity concentration 
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affects the transfer efficiency and the saturation 
capacitance of signal charges in the CCD channel. 
It is therefore important to maintain the impurity 
concentration within the specified range. Thus, the 
impurity concentration of the n-type diffusion layer 
53 is related to that of the p-type diffusion layer 52. 
That is, the potentials applied to these layers are 
optimized so that the CCD channel is depleted. 
The n-type diffusion layer 53 is formed to a depth 
of about 0.5 urn below the surface of the silicon 
substrate 51. The depth of the n-type diffusion 
layer 53 is properly determined so that there oc- 
curs no degradation in the transfer efficiency or in 
the saturation capacitance. 

The MIS transistor of the peripheral circuit is 
formed at an edge area of the surface of the silicon 
substrate 51. The MIS transistor and the buried- 
channel charge transfer block are electrically iso- 
lated from each other by an isolation oxide 54 
formed from a thick oxide film called LOCOS. In 
the region of the MIS transistor, n-type diffusion 
layers 55 are formed which function as the source 
and drain of the MIS transistor, respectively. 

A silicon oxide layer 56 is formed on the sur- 
face of the silicon substrate 51 in the region of the 
buried-channel charge transfer block. The forma- 
tion of the silicon oxide layer 56, which acts as a 
transfer gate insulating film, is achieved by ther- 
mally oxidizing the surface of the silicon substrate 
51 to a thickness or about 80 nm. The thickness of 
the silicon oxide layer 56 affects the transfer effi- 
ciency of the charge-coupled device and the satu- 
ration characteristics for signal charges in the CCD 
channel. The desirable thickness of the silicon ox- 
ide layer 56 is 10 nm to 200 nm. If the film 
thickness is smaller than 10 nm, the lower side 
value (<f>L) of the drive voltage drops, which means 
the pulse amplitude of the drive voltage is reduced. 
This causes degradation in the transfer efficiency. 
Conversely, if the film thickness is greater than 200 
nm, the higher side value (4>H) of the drive voltage 
increases, requiring the use of a pulse generator 
that can withstand the high voltage. This is ex- 
tremely disadvantageous from the point of view of 
practical use. Also, if the drive voltage is to be 
reduced, it is necessary to decrease the impurity 
concentration of the n-type diffusion layer 53, 
which in turn causes the problem of reducing the 
saturation capacitance of signal charges in the 
CCD channel. 

A silicon nitride layer 57 of 40 nm thickness is 
formed on the silicon oxide layer 56 by using low- 
pressure CVD. Thus, in the buried-channel charge 
transfer block, a multilayer film consisting of the 
silicon oxide layer 56 and the silicon nitride layer 
57 is used as the transfer gate insulating film. The 
thickness of the silicon nitride layer 57 affects the 
dielectric strength of the charge-coupled device 



and the saturation characteristics of signal charges 
in the CCD channel. The desirable thickness of the 
silicon nitride layer 57 is 10 am to 100 nm. If the 
film thickness is smaller than 10 nm, it not only 

5 deteriorates the dielectric strength but also affects 
the stability in film formation. This causes the prob- 
lem of degrading the device reliability. Conversely, 
if the film thickness is greater than 100 nm, the 
overall thickness of the gate insulating film in- 

70 creases accordingly, causing an increase in the 
drive voltage or a decrease in the saturation ca- 
pacitance of signal charges in the CCD channel, as 
in the case of an increased thickness of the silicon 
oxide layer 56. Also, the silicon nitride layer 57 

75 contains a large amount of charge trapping states. 
The amount of trapping states increases as the 
thickness of the film increases, and therefore, when 
the charge-coupled device is operated for an ex- 
tanded length of time, the effective voltage applied 

20 to the CCD channel varies, which leads to degrada- 
tion in the device reliability. 

First transfer gate electrodes 58 are formed on 
the silicon nitride layer 57. The first transfer gate 
electrodes 58 are electrically isolated from their 

25 neighboring second transfer gate electrodes 60 by 
a silicon oxide layer 59. The transfer gate elec- 
trodes 58 and 60 are each formed from a poly- 
silicon film doped with phosphorus. The thickness 
of the polysilicon film is preferably about 0.2 to 0.6 

30 urn. 

An important point here is to align the edge of 
the first transfer gate electrode 58 with the edge of 
the silicon nitride layer 57, so that the entire sur- 
face of the silicon nitride layer 57 is covered with 

35 the transfer gate electrodes 58 and 60 and the 
silicon oxide layer 59. By thus removing the silicon 
nitride layer 57 everywhere except under the gate 
electrodes 58 and 60 and the silicon oxide layer 
59, it is possible to reduce the stress caused to the 

40 entire charge-coupled device. 

Furthermore, when using this charge-coupled 
device in a solid-state imaging sensor, since there 
are no silicon nitride layers over photodiodes in- 
tegrated with the charge-coupled device, the light 

45 falling on the photodiodes does not suffer attenu- 
ation. To describe in more detail, a cross section of 
the charge-coupled device of this embodiment 
adapted for use in a solid-state imaging sensor is 
shown in Figure 2. 

so As shown, a p-type diffusion layer 61 is formed 

to a certain depth below the surface of a silicon 
substrate 51. A charge transfer block A and a 
photodiode block B are formed in the p-type diffu- 
sion layer 61. The charge transfer block A includes 

55 a p-type diffusion layer 52 formed to a certain 
depth below the surface of the silicon substrate 51 . 
On the p-type diffusion layer 52, there is formed an 
n-type diffusion layer 53 adjacent to which a diffu- 
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sion layer 62 is formed. 

Adjacent to the diffusion layer 62 is formed a 
photodiode. The photodiode consists of an n-type 
diffusion layer 63 formed to a substantial depth and 
a p-type diffusion layer 64 formed on top of the n- 
type diffusion layer 63 and at the surface of the 
silicon substrate 51 . Usually, the light falling on the 
photodiode produces electron and hole pairs, thus 
enabling the light to be converted into electrical 
signals. 

A silicon oxide layer 56 is formed over the 
entire surface of the silicon substrate 51. On the 
region of the silicon oxide layer 56 that substan- 
tially corresponds to the charge transfer block A, 
there is formed a silicon nitride layer 57. Poly- 
silicon that forms a transfer gate electrode 58 is 
deposited on top of the silicon nitride layer 57. 
Further, a silicon oxide layer 65 is formed in encir- 
cling relationship to the transfer gate electrode 58. 
In the solid-state imaging sensor, electrical signals 
produced from the light falling on the photodiode 
are transferred along the channel below the transfer 
gate electrode 58. 

The construction is such that the transfer gate 
electrode 58 and the photodiode are paired to- 
gether. The solid-state imaging sensor consists of 
a plurality of such pairs. Each of the paired devices 
is electrically isolated from its neighboring paired 
device by a diffusion layer 66. Each photodiode is 
formed below an open region 67 of the silicon 
substrate 51 between one transfer gate electrode 
58 and its neighboring transfer gate electrode (not 
shown). Only the silicon oxide layer 56 is left on 
the region of the silicon substrate 51 under which 
the photodiode is formed. When using a multilayer 
gate insulating film for the transfer gate electrode 
58, as described above, it has been a usual prac- 
tice to leave the multilayer film above the 
photodiode, but this has caused the effect of at- 
tenuating the entering light. With such a method, it 
has been difficult to meet the need for increased 
sensitivity of the solid-state imaging sensor. 

Referring back to Figure 1, the transistor de- 
vice formed in the MIS transistor region is an 
ordinary MIS transistor. That is, a silicon oxide 
layer 68 that acts as the gate insulating film is 
formed to a thickness of 50 nm on the surface of 
the silicon substrate 51 between source and drain, 
and a gate electrode 69 is formed on the silicon 
oxide layer 68. The gate electrode 69 is formed 
from a polysilicon film doped with phosphorus, the 
film thickness being about 0.2 to 0.6 urn. 

In the thus constructed charge-coupled device, 
no adverse effects will be caused to the transfer 
characteristic even when the multilayer film of sili- 
con oxide and silicon nitride is used as the gate 
insulating film for the burred-channel charge trans- 
fer block. On the other hand, if such a multilayer 



film of silicon oxide and silicon nitride is used as 
the gate insulating film for the MIS transistor con- 
stituting part of the peripheral circuit, the transistor 
characteristics will deteriorate because of the sur- 
5 face states caused in the multilayer film and the 
trapping states present in the insulating film, which 
is not the case with the present embodiment in 
which a single layer of silicon oxide is used as the 
gate insulating film. More specifically, the noise 

io and frequency characteristics of the MIS transistor 
deteriorate as the surface state density in the mul- 
tilayer film increases. Furthermore, the increased 
trap density in the film will cause the threshold 
voltage Vth of the MIS transistor to shift and the 

is mutual conductance gm to deteriorate. These fac- 
tors combine to deteriorate the reliability of the 
charge-coupled devices using a multilayer film. In 
the charge-coupled device of the present embodi- 
ment, on the other hand, there is no such concern 

20 of device characteristic degradation as has been 
the case with the MIS transistor having the mul- 
tilayer gate insulating film. 

For detailed explanation of the above-described 
effects, reference is now made to Figure 3 in which 

25 the amplifier noise and frequency characteristics 
are compared between the charge-coupled device 
of the present embodiment and the prior art 
charge-coupled device containing MIS transistors 
having a multilayer gate insulating film, to see how 

30 the characteristics are affected by different types of 
amplifier gate insulating film. In the figure, the 
black dot indicates the frequency characteristics 
and the white dot represents the amplifier noise. 
The gate insulating film type reading Si02 indicates 

35 the MIS transistor of the present embodiment, and 
ONO the MIS transistor of the prior art. As shown, 
in the MIS transistor of the present embodiment, 
the amplifier noise is low, its level being about two- 
fifths that of the prior art MIS transistor. This allows 

40 sufficient amplification of very weak signal charges 
in the operation of the charge-coupled device. As 
for the frequency characteristics, in the MIS tran- 
sistor of the present invention, the level can be 
enhanced to a level about 1.4 times higher than 

45 that of the prior art MIS transistor. 

Figure 4 shows a second embodiment of the 
present invention. In the cross section are shown 
one end of a buried-channel charge transfer block 
and a surface-channel MIS transistor that consti- 

so tutes part of a peripheral circuit block. The second 
embodiment differs from the first embodiment in 
that the multilayer film provided above the CCD 
channel includes an additional silicon oxide layer 
deposited on top of the silicon nitride layer, thus 

55 forming a multilayer film generally known as the 
ONO film. 

To describe specifically, a p-type diffusion lay- 
er 52 is formed in the surface of the principal plane 
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of a silicon substrate 51 . In the region of the p-type 
diffusion layer 52 where the buried-channel charge 
transfer block is to be formed, there is formed an 
n-type diffusion layer 53 which acts as the CCD 
channel. 5 

A MIS transistor is formed at an edge area of 
the surface of the silicon substrate 51. The MIS 
transistor and the buried-channel charge transfer 
block are electrically isolated from each other by 
an isolation region 54 called LOCOS. In the region w 
of the MIS transistor, n-type diffusion layers 55 are 
formed which function as the source and drain of 
the MIS transistor, respectively. 

A silicon oxide layer 56 is formed on the sur- 
face of the silicon substrate 51 in the region of the 75 
buried-channel charge transfer block. The forma- 
tion of the silicon oxide layer 56, which acts as a 
transfer gate insulating film, is achieved by ther- 
mally oxidizing the surface of the silicon substrate 
51 to a thickness of about 80 nm. A silicon nitride 20 
layer 57 of 40 nm thickness is formed on the 
silicon oxide layer 56 by using low-pressure CVD. 
Further, a silicon oxide layer 70 is formed on top of 
the silicon nitride layer 57. The thickness of the 
silicon oxide layer 70 is about 5 nm. The silicon 25 
oxide layer 70 is formed, in the fabrication process 
hereinafter described, simultaneously with the for- 
mation of a silicon oxide layer that acts as the gate 
insulating film of the MIS transistor. 

The silicon oxide layer 56 and silicon nitride 30 
layer 57 are formed one on top of the other in the 
charge transfer region prior to the formation of the 
gate insulating film for the MIS transistor. When a 
silicon oxide layer 68 is formed to form the gate 
insulating film of the MIS transistor, the surface of 35 
the silicon nitride layer 57 is oxidized to a thick- 
ness of 5 nm. The thickness of an oxide film 
formed at the surface of the silicon nitride layer 57 
varies as the silicon oxide layer 68 of the MIS 
transistor is varied. However, the oxide film thick- 40 
ness is not greater than several tens of nano- 
meters. 

The use of the ONO film as the transfer gate 
insulating film for the charge-coupled device serves 
to enhance the reliability in terms of dielectric 45 
strength. Moreover, since the insulating film of the 
transfer gate is formed from a multilayer film con- 
sisting of two or more layers, the thickness of the 
insulating film is the same at any given transfer 
gate electrode. This prevents potential variations so 
between transfer gate electrodes. Usually, the in- 
sulating film under the transfer gate electrodes is 
subjected to excessive oxide growth called "bird's 
beak" under the edges of the gates during oxida- 
tion in the subsequent step. However, when the 55 
multilayer film is used as the gate insulating film as 
in the present embodiment, no bird's beak en- 
croachment occurs in the subsequent oxidation, 



thus allowing the formation of a uniform channel. In 
addition, the same effects as described in conjunc- 
tion with the first embodiment also are obtained. 

First transfer gate electrodes 58 are formed on 
the silicon nitride layer 57. The first transfer gate 
electrodes 58 are electrically isolated from their 
neighboring second transfer gate electrodes 60 by 
a silicon oxide layer 59. Each of the transfer gate 
electrodes 58 and 60 is formed from a polysilicon 
film doped with phosphorus. The thickness of the 
polysilicon film is about 0.2 to 0.6 urn. The edge of 
the transfer gate electrodes 58 is aligned with that 
of the silicon nitride layer 57. 

The transistor formed in the MIS transistor re- 
gion is an ordinary MIS transistor. The silicon oxide 
layer 68 that acts as the gate insulating film is 
formed to a thickness of 50 nm on the surface of 
the silicon substrate 51 between source and drain, 
and a gate electrode 69 is formed on the silicon 
oxide layer 68. The gate electrode 69 is formed 
from a polysilicon film doped with phosphorus, the 
film thickness being about 0.2 to 0.6 urn. 

In the thus constructed charge-coupled device, 
no adverse effects will be caused to the transfer 
characteristic even when the multilayer film of sili- 
con oxide layer and silicon nitride layer is used as 
the gate insulating film for the buried-channel 
charge transfer block. On the other hand, if such a 
multilayer film of silicon oxide, silicon nitride, and 
silicon oxide is used as the gate insulating film for 
the MIS transistor which constitutes part of the 
peripheral circuit, as in the prior art charge-coupled 
device, the transistor characteristics will deteriorate 
because of the surface states caused in the mul- 
tilayer film and the trapping states present in the 
insulating film, which is not the case with the 
present embodiment in which a single layer of 
silicon oxide is used as the gate insulating film. 
More specifically, the noise and frequency char- 
acteristics of the MIS transistor deteriorate as the 
surface state density in the multilayer film in- 
creases. Furthermore, the increased trap density in 
the film will cause the threshold voltage Vth of the 
MIS transistor to shift and the mutual conductance 
gm to deteriorate. These factors combine to dete- 
riorate the reliability of the charge-coupled device 
using a multilayer film. In the charge-coupled de- 
vice of the present embodiment, on the other hand, 
there is no such concern of device characteristic 
degradation as has been the case with the MIS 
transistor in the prior art charge-coupled device. 

Figure 5 shows a third embodiment of the 
present invention. In the cross section are shown 
one end of a buried-channel charge transfer block 
and a surface-channel MIS transistor that consti- 
tutes part of a peripheral circuit block. 

A p-type diffusion layer 52 is formed in the 
surface of the principal plane of an n-type silicon 
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substrate 51. The impurity concentration of the p- 
type diffusion layer 52 is 1 to 5 x 10 1B /cm 3 . The 
impurity concentration affects the transfer efficien- 
cy and the saturation capacitance of signal charges 
in the CCD channel. It is therefore important to 5 
maintain the impurity concentration within the 
specified range. 

The p-type diffusion layer 52 is formed to a 
depth of about 5 urn below the surface of the 
silicon substrate 51 . The depth of the p-type diffu- w 
sion layer 52 is determined according to the impu- 
rity concentration and to the voltage to be applied 
so that there occurs no degradation in the dielectric 
strength with respect to the silicon substrate 51 . 

In the region of the p-type diffusion layer 52 15 
where the buried-channel charge transfer block is 
to be formed, there is formed an n-type diffusion 
layer 53 which acts as the CCD channel. The 
impurity concentration of the n-type diffusion layer 
53 is 5 to 10 x 10 1G /cm 3 . Since the impurity con- 20 
centration affects the saturation capacitance of sig- 
nal charges in the CCD channel hereinaftar de- 
scribed, it is important to maintain the impurity 
concentration within the specified range. Also, the 
impurity concentration of the n-type diffusion layer 25 
53 is related to that of the p-type diffusion layer 52, 
and the potentials applied to these layers are op- 
timized so that the CCD channel is depleted. The 
n-type diffusion layer 53 is formed to a depth of 
about 0.5 urn below the surface of the silicon 30 
substrate 51. The depth of the n-type diffusion 
layer 53 is properly determined according to the 
impurity concentration so that there occurs no deg- 
radation in the breakdown voltage with respect to 
the silicon substrate 51 . 35 

A MIS transistor is formed at an edge area of 
the surface of the silicon substrate 51. The MIS 
transistor and the buried-channel charge transfer 
block are electrically isolated from each other by 
an isolation oxide 54 called LOCOS. In the region 40 
of the MIS transistor, n-type diffusion layers 55 are 
formed which function as the source and drain, 
respectively. 

A silicon oxide layer 56 is formed on the sur- 
face of the silicon substrate 51 in the region of the 45 
buried-channel charge transfer block. The forma- 
tion of the silicon oxide layer 56, which acts as a 
gate insulating film, is achieved by thermally oxi- 
dizing the surface of the silicon substrate 51 to a 
thickness of about 80 nm. The thickness of the so 
silicon oxide layer 56 affects the transfer efficiency 
of the charge-coupled device and the saturation 
characteristics for signal charges in the CCD chan- 
nel. The desirable film thickness is 10 nm to 200 
nm. The film thickness should be set within this 55 
specified range for the same reasons as described 
in connection with the first embodiment. 

A silicon nitride layer 57 is formed to a thick- 
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ness of 40 nm on the silicon oxide layer 56 by 
using low-pressure CVD. Thus, in the buried-chan- 
nel charge transfer block, a multilayer structured 
film consisting of the silicon oxide layer 56 and the 
silicon nitride layer 57 is used as the gate insulat- 
ing film. 

The thickness of the silicon nitride layer 57 
affects the breakdown voltage of the charge-coup- 
led device and the saturation characteristics for 
signal charges in the CCD channel. The desirable 
film thickness is 10 nm to 100 nm. This film 
thickness should also be set within the specified 
range for the same reasons as described in con- 
nection with the first embodiment. 

First transfer gate electrodes 58 are formed on 
the silicon nitride layer 57. The first transfer gate 
electrodes 58 are electrically isolated from their 
neighboring second transfer gate electrodes 60 by 
silicon oxide layers 59. Each of the transfer gate 
electrodes 58 and 60 is formed from a polysilicon 
film doped with phosphorus. The thickness of the 
polysilicon film is about 0.5 urn. 

The transistor formed in the MIS transistor re- 
gion is an ordinary MIS transistor. A silicon oxide 
layer 71 that acts as the gate insulating film is 
formed to a thickness of 50 nm on the surface of 
the n-type diffusion layer 52 between source and 
drain, and a gate electrode 72 is formed on the 
silicon oxide layer 71. The gate electrode 72 is 
formed from a polysilicon film doped with phos- 
phorus. The polysilicon film thickness is about 0.5 
urn. 

Another MIS transistor is formed sharing the 
common source or drain with the above MIS tran- 
sistor. This other MIS transistor comprises a silicon 
oxide layer 73, the gate insulating film, formed to a 
thickness of 100 nm on the surface of the p-type 
diffusion layer 52, and a gate electrode 74 formed 
on the silicon oxide layer 73. The gate electrode 74 
is formed from a polysilicon film doped with phos- 
phorus. The polysilicon film thickness is about 0.4 
nm. The difference between the two MIS transis- 
tors is that the silicon oxide layers 71 and 73, the 
gate insulating films, are different in thickness. 

In the thus constructed charge-coupled device, 
the gate insulating film for the buried-channel 
charge transfer block is formed from a multilayer 
film, and MIS transistors having at least gate in- 
sulating films of two different thicknesses are 
formed in the peripheral circuit. 

If the gate insulating films of the MIS transis- 
tors in the peripheral circuit (especially in amplifier 
blocks, for example) are formed from a thin film of 
the same thickness, it is not possible to design the 
MIS transistors with the desired characteristics de- 
pending on the purpose of the peripheral circuit. 
For example, with a MIS transistor having a thin 
gate insulating film, the resistance in "on" state at 
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the time of switching of the transistor is low and 
noise can be reduced, which contributes to en- 
hancing the device characteristics. However, if this 
MIS transistor is to be used only as a resistor, such 
as a load transistor, the conductance gm increases. 
In the case of a thin gate insulating film, in order to 
give the desired resistance, the size of the transis- 
tor to be formed has to be increased. Therefore, if 
MIS transistors of different purposes are to be 
formed in the peripheral circuit, it is essential that 
each MIS transistor be provided with a gate insulat- 
ing film of the desired thickness that can meet its 
specific purpose. Furthermore, in such a peripheral 
circuit, addition capacitance also increases, which 
works against the characteristics at high frequen- 
cies. 

The present embodiment allows the formation 
of MIS transistors having the optimum gate insulat- 
ing film thickness according to their purposes. This 
facilitates reduction in the device size and optimiz- 
ation of the device characteristics. 

In the thus constructed charge-coupled device, 
even when a multilayer film of silicon oxide and 
silicon nitride is used as the gate insulating film for 
the buried-channel charge transfer block, the trans- 
fer characteristics will remain virtually undisturbed. 
On the other hand, when such a multilayer film is 
used as the gate insulating film for the MIS transis- 
tors which constitute the peripheral circuit, the tran- 
sistor characteristics will deteriorate because of the 
surface states caused in the multilayer film and the 
trapping states present in the insulating film, which 
is not the case with the present embodiment in 
which a single layer of silicon oxide is used as the 
gate insulating film. In the charge-coupled device 
of the present embodiment, no such degradation 
occurs in the characteristics of the MIS transistors 
in the charge-coupled device. 

Figure 6 shows a MIS transistor on the periph- 
eral circuit, illustrating the region of the transistor 
where the silicon nitride layer is removed. The 
region 75 indicated by oblique hatching is the 
region where the silicon nitride layer is removed. 
The MIS transistor is formed on the surface of an 
n-type diffusion layer in a silicon substrate. An 
isolation oxide 76 called LOCOS is provided to 
electrically isolate the MIS transistor from its neigh- 
boring devices (not shown in Figure 6). The isola- 
tion oxide 76 is formed around a rectangular 
shaped region. The oblique hatching region 75 is 
also rectangular in shape but a little smaller than 
the rectangular shaped region of the isolation oxide 
76. 

A gate electrode 77 is formed approximately in 
the center of the area inside the isolation oxide 76. 
Two n-type diffusion layers are formed on both 
sides of the gate electrode 77, to form the source 
and drain regions of the MIS transistor. Contact 



holes 78 for the source and drain are opened by 
etching through prescribed regions of a protective 
film in the uppermost layer of the MIS transistor. 
Wiring patterns 79 are formed to make connections 

s through the contact holes 78 to diffusion regions of 
the source and drain, respectively. 

The region of the peripheral circuit where the 
silicon nitride layer is removed is to be at a pre- 
scribed position where the effect of surface states 

w can be minimized. That is, the region is to be at a 
planar portion that is not affected by the stress 
caused during the formation of the isolation oxide 
76 known as LOCOS. Such a planar portion should 
be spaced away from the edges of the isolation 

75 oxide 76 at least by a distance equivalent to the 
combined thickness of the isolation oxide 76 and 
the silicon oxide layer a portion of which is re- 
moved during the etching of the silicon nitride 
layer. 

20 In the first embodiment, the film thickness of 

the isolation oxide 76 is 500 nm and that of the 
silicon oxide layer to be etched away is 80 nm. 
Therefore, if the planar portion is spaced away at 
least 0.58 um from the edges of the isolation oxide 

25 76, the effect of the stress can be avoided effec- 
tively. If the peripheral circuit is formed in a region 
subjected to the effect of the stress, the surface 
states increase, causing reliability problems such 
as deterioration of threshold voltage Vt. 

30 Figure 7 shows a fourth embodiment of the 

present invention. In the cross section are shown 
one end of a buried-channel charge transfer block 
and a surface-channel MIS transistor that consti- 
tutes part of a peripheral circuit block. The fourth 

35 embodiment differs from the third embodiment in 
that the multilayer film provided above the CCD 
channel includes an additional silicon oxide layer 
deposited on top of the silicon oxide and silicon 
nitride layers, thus forming a multilayer film gen- 

40 erally known as the ONO film. 

To describe specifically, a p-type diffusion lay- 
er 52 is formed in the surface of the principal plane 
of a silicon substrate 51 . In the region of the p-type 
diffusion layer 52 where the buried-channel charge 

45 transfer block is to be formed, there is formed an 
n-type diffusion layer 53 which acts as the CCD 
channel. 

A MIS transistor is formed at an edge portion 
of the surface of the silicon substrate 51 . The MIS 

so transistor and the buried-channel charge transfer 
block are electrically isolated from each other by 
on isolation oxide 54 formed from a thick oxide film 
called LOCOS. In the region of the MIS transistor, 
n-type diffusion layers 55 are formed as the source 

55 and drain, respectively. 

A silicon oxide layer 56 is formed on the sur- 
face of the silicon substrate 51 in the region of the 
buried-channel charge transfer block. The forma- 
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tion of the silicon oxide layer 56, which acts as a 
gate insulating film, is achieved by thermally oxi- 
dizing the surface of the silicon substrate 51 to a 
thickness of about 80 nm. 

A silicon nitride layer 57 of 40 nm thickness is 5 
formed on the silicon oxide layer 56 by using low- 
pressure CVD. Such a three-layer film is generally 
known as the ONO film. Further, a silicon oxide 
layer 70 is formed on top of the silicon nitride layer 
57. The thickness of the silicon oxide layer 70 is io 
about 5 nm. The silicon oxide layer 70 is formed, in 
the fabrication process hereinafter described, si- 
multaneously with the formation of a silicon oxide 
layer that acts as the gate insulating film for the 
MIS transistor. 75 

The silicon oxide layer 56 and silicon nitride 
layer 57 are formed one on top of the other in the 
charge transfer region prior to the formation of the 
gate insulating film for the MIS transistor. When a 
silicon oxide layer 71 is formed as the gate insulat- 20 
ing film, the surface of the silicon nitride layer 57 is 
oxidized to a thickness of 5 nm. This film thickness 
can be varied as the gate insulating film thickness 
of the MIS transistor is varied. However, the oxide 
film thickness is not greater than several tens of 25 
nm. 

The use of the ONO film as the transfer gate 
insulating film for the charge-coupled device serves 
to enhance the reliability in terms of dielectric 
strength. Moreover, since the transfer gate elec- 30 
trode is formed on a multilayer film consisting of 
two or more layers, the thickness of the insulating 
film is the same at any given transfer gate elec- 
trode. This prevents potential variations between 
the transfer gate electrodes. Usually, the insulating 35 
film under the transfer gate electrodes is subjected 
to excessive oxide growth called "bird's beak" un- 
der the edges of the first transfer gate electrodes 
during oxidation in the subsequent step. However, 
when the multilayer film is used as the transfer 40 
gate insulating film as in the present embodiment, 
no bird's beak encroachment occurs in the subse- 
quent oxidation, thus forming a uniform channel. 

First transfer electrodes 58 are formed on the 
silicon oxide layer 70. The first transfer electrodes 45 
58 are electrically isolated from their neighboring 
transfer electrodes 60 by silicon oxide layers 59. 
The transfer electrodes 58 and 60 are each formed 
in a polysilicon film doped with phosphorus. The 
thickness of the polysilicon film is about 0.5 urn. 50 

An ordinary MIS transistor is formed in the MIS 
transistor region. That is, the silicon oxide layer 71 
that acts as the gate insulating film is formed to a 
thickness of 50 nm on the surface of the n-type 
diffusion layer 52 between source and drain, and a 55 
gate electrode 72 is formed on the silicon oxide 
layer 71. The gate electrode 72 is formed from a 
polysilicon film doped with phosphorus. The poly- 



silicon film thickness is about 0.5 urn. 

Another MIS transistor shares the common 
source or drain with the MIS transistor. This MIS 
transistor comprises a silicon oxide layer 73, the 
gate insulating film, formed to a thickness of 100 
nm on the surface of the p-type diffusion layer 52, 
and a gate electrode 74 formed on the silicon oxide 
layer 73. The gate electrode 74 is formed from a 
polysilicon film doped with phosphorus. The poly- 
silicon film thickness is about 0.4 urn. The dif- 
ference between the two MIS transistors is that the 
silicon oxide layers 71 and 73, the gate insulating 
films, are different in thickness. 

In the thus constructed charge-coupled device, 
the gate insulating film for the buried-channel 
charge transfer block is formed from a multilayer 
film, and MIS transistors having gate insulating 
films of at least two different thicknesses are 
formed in the peripheral circuit. 

If the gate insulating films of the MIS transis- 
tors in the peripheral circuit (especially in amplifier 
blocks, for example) are formed from a thin film of 
the same thickness, it is not possible to design the 
MIS transistors with the desired characteristics de- 
pending on the purpose of the peripheral circuit. 
For example, with a MIS transistor having a thin 
gate insulating film, the resistance in "on" state at 
the time of switching of the transistor is low and 
noise can be reduced, which contributes to en- 
hancing the device characteristics. However, if this 
MIS transistor is used only as a resistance, such as 
a load transistor, the conductance gm increases. In 
the case of a thin gate insulating film, in order to 
give the desired resistance, the size of the transis- 
tor to be formed has to be increased. Therefore, if 
MIS transistors for different purposes are formed in 
the peripheral circuit, it is essential that each MIS 
transistor be provided with a gate insulating film of 
the desired thickness that can meet its specific 
purpose. Furthermore, in such a peripheral circuit, 
addition capacitance also increases, which works 
against the characteristics at high frequencies. 

The present embodiment allows the formation 
of MIS transistors having the optimum gate insulat- 
ing film thickness according to their purposes. This 
facilitates reduction in the device size and optimiz- 
ation of the device characteristics. 

In the thus constructed charge-coupled device, 
even when a multilayer film of silicon oxide and 
silicon nitride is used as the gate insulating film for 
the buried-channel charge transfer block, the trans- 
fer characteristics will remain virtually undisturbed. 
On the other hand, if such a multilayer film is used 
as the gate insulating film for the MIS transistors 
which constitute the peripheral circuit, the transistor 
characteristics will deteriorate because of the sur- 
face states caused in the multilayer film and the 
trapping states present in the insulating film, which 
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is not the case with the present embodiment in 
which a single layer of silicon oxide is used as the 
gate insulating film. In the charge-coupled device 
of the present embodiment, no such degradation 
occurs in the characteristics of the MIS transistors 5 
in the charge-coupled device. 

Figure 8 shows a plan view of an FT (frame- 
transfer) solid-state imaging sensor. Charge-coup- 
led devices used in an FT imaging sensor are 
capable of being faster than the above-described io 
charge-coupled device in a transfer speed. To 
achieve the fast transfer speed, a storage area is 
provided where signal charges are stored. 

Usually, a signal charge in a photoelectric con- 
verter is transferred to an external device through a 75 
sense amplifier. In this case, the transfer speed of 
the charge-coupled device can be defined as the 
transfer time needed to transfer the signal charge 
to the sense amplifier. On the other hand, in the 
case of FT charge-coupled devices, signal charges 20 
can be transferred to an external device directly 
from the storage areas, thus achieving higher 
speed operation than conventional charge-coupled 
devices. 

In Figure 8, the numeral 80 indicates a pixel 25 
(picture element) area for photoelectric converter, 
81 a storage area for storing photoelectric-con- 
verted signal charges temporarily, and 82 a hori- 
zontal charge transfer area. In the storage area 81 , 
the silicon nitride layer is not removed in self 30 
alignment as in the case of the transistors in the 
peripheral circuit. As a result, the entire surface is 
covered with the silicon nitride layer. In this case, 
the surface states increase because of the stress of 
the silicon nitride layer. Also, since the silicon 35 
nitride layer has low permeability to hydrogen, ade- 
quate surface improvement cannot be achieved 
with hydrogen treatment performed in the fabrica- 
tion process for the charge-coupled device. 

Figures 9A through 9E show a process se- 40 
quence for fabricating a fifth embodiment of the 
present invention. First, boron ions are implanted 
into the entire surface of an n-type silicon substrate 
51. An anneal process step is then performed to 
form a p-type diffusion layer 52. The ion implanta- 45 
tion is performed with acceleration energy of 100 
keV and dose of 5 x 10 1 Vcm 2 . The anneal process 
step is performed for 10 hours at temperature 
1200'C. The diffusion depth of the p-type diffusion 
layer 52 is about 5 urn. Next, the surface of the so 
silicon substrate 51 is thermally oxidized to form a 
silicon oxide layer 83 of 50 nm thickness. After 
that, a silicon nitride layer 84 is formed on the 
silicon oxide layer 83 by using low-pressure CVD. 
The thickness of the silicon nitride layer is 120 nm. 55 
Thereafter, using a known photolithography tech- 
nique, a resist pattern is formed over the entire 
surface except the area where an isolation oxide 54 
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is formed. Using the resist pattern as a mask, the 
silicon nitride layer 84 is etched away. Further, the 
silicon oxide layer 83 is etched to expose the 
surface of the silicon substrate 51. After that, the 
resist pattern is removed. The silicon substrate 51 
with the silicon nitride layer 84 and silicon oxide 
layer 83 thus removed is then thermally oxidized to 
grow the isolation oxide (about 500 nm thickness) 
54 called LOCOS, as shown in Figure 9A. 

The silicon nitride layer 84 is then removed by 
etching from the surface of the silicon substrate 51 . 
Thereafter, using a known photolithography tech- 
nique, a resist pattern (not shown) is formed on the 
region where a MIS transistor is formed. After that, 
phosphorus ions are implanted into the entire sur- 
face of the silicon substrate 51. The ion implanta- 
tion is performed with acceleration energy of 100 
keV and dose of 3 x 10 12 /cm 2 . After that, the resist 
pattern is removed. 

Further, an anneal process step is performed 
to form an n-type diffusion layer 53 which acts as 
the charge transfer channel. The n-type diffusion 
layer 53 is diffused to a depth of 0.5 urn. The 
silicon oxide layer 83 used as a protective film is 
then removed by etching, as shown in Figure 9B. 
During the etching, the surface of the isolation 
oxide 54 is also etched down to depth equivalent to 
the thickness of the silicon oxide layer 83. 

Next, the silicon substrate 51 is thermally ox- 
idized to form a silicon oxide layer 56 in 80 nm 
thickness. Further, a silicon nitride layer 57 is 
grown to a thickness of 40 nm on the silicon oxide 
layer 56 by using low-pressure CVD. At this time, 
the thickness of the silicon oxide layer 56 can be 
chosen within the range of 10 nm to 200 nm, and 
the silicon nitride layer 51 within the range of 10 
nm to 100 nm, the optimum thickness being within 
the respective ranges according to the characteris- 
tics of the charge-coupled device and to the circuit 
driving conditions. Thereafter, using a known pho- 
tolithography technique, a resist pattern is formed 
having an opening corresponding to a peripheral 
circuit region where a MIS transistor is formed. 
Using the resist pattern as a mask, the silicon 
nitride layer 57 is removed by plasma etching. 
Thus, the silicon nitride layer 57 is removed from 
the region where the MIS transistor is formed. 

Further, the silicon oxide layer 56 exposed in 
this region is removed by wet etching using a 
mixed solution of hydrofluoric acid and ammonium 
fluoride. It will be appreciated that plasma etching 
may be used to remove the silicon oxide layer 56. 
The silicon substrate 51 is now exposed in the 
region where the MIS transistor is formed. It will be 
appreciated that no deleterious effects will be caus- 
ed to the subsequent steps if the etching of the 
silicon oxide layer 56 is performed to such a de- 
gree as to expose the surface of the silicon sub- 
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strate 51 but to leave small portions of silicon oxide 
unetched. Also, prior to the wet etching of the 
silicon oxide layer 56, the silicon oxide layer 56 
may be exposed to an oxygen plasma for cleaning 
the surface thereof, to facilitate the subsequent wet 5 
etching. 

Next, the resist pattern is removed. Thereafter, 
thermal oxidation is performed to form a silicon 
oxide layer 68 on the exposed surface of the 
silicon substrate 51 in the peripheral circuit region, w 
as shown in Figure 9C. 

In the buried-channel charge transfer region, a 
two-layer film consisting of the silicon oxide layer 

56 and the silicon, nitride layer 57 is already 
formed. Since the upper silicon nitride layer 57 has 75 
a slow oxidation rate, increasing the thickness of 

the silicon oxide layer 68, the gate insulating film 
for the MIS transistor, does not cause any adverse 
effects to the silicon nitride layer 57 and can there- 
fore be adjusted as desired. During the thermal 20 
oxidation, a silicon oxide layer 70 of about 5 nm 
thickness is also grown on the silicon nitride layer 

57 in the charge transfer region. 

In the present embodiment, the dielectric 
strength, frequency, and noise characteristics were 25 
studied, and on the basis of the result of the study, 
the silicon oxide layer 68 is formed to a thickness 
of about 50 nm, which can optimize these char- 
acteristics. 

Thereafter, a first polysilicon film is deposited 30 
and doped with phosphorus for low resistivity. The 
first polysilicon film is then photo-etched to simulta- 
neously form a first transfer gate electrode 58 of 
the charge-coupled device and a gate electrode 69 
of the MIS translator of the peripheral circuit as 35 
shown in Figure 9D. For etching of the polysilicon 
film, the etching conditions are so Set that the etch 
rate of the polysilicon film is faster than that of the 
underlying silicon nitride layer 57, thereby substan- 
tially blocking the etching of the silicon nitride layer 40 
57. 

Next, the polysilicon film is oxidized to form a 
silicon oxide layer 59 which serves to electrically 
isolate the first transfer gate electrode 58 from a 
second transfer gate electrode 60 subsequently. 45 
Thereafter, a second polysilicon film is deposited 
and doped with phosphorus for low resistivity. The 
second polysilicon film is then photo-etched to 
form the second transfer gate electrode 60. 

Now, the transfer gate insulating film in the 50 
same thickness is provided both under the first 
transfer gate electrode 58 and under the second 
transfer gate electrode 60 formed in the second 
polysilicon film. That is, the transfer gate insulating 
film under both transfer gate electrodes has the 55 
total thickness of the silicon oxide layer 56 and the 
silicon nitride layer 57. This provides a uniform 
CCD channel in the operation of the charge-coup- 
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led device. 

As described, in the charge-coupled device 
fabrication method of the present embodiment, the 
multilayer film consisting of the silicon oxide layer 

56 and the silicon nitride layer 57 is removed 
before the formation of the silicon oxide layer 68 
which acts as the gate insulating film for the pe- 
ripheral circuit. This serves to simplify the process 
as compared with the prior art method. 

Furthermore, the silicon nitride layer 57 re- 
mains in the upper layer of the charge transfer 
region when the process proceeds to the formation 
of the gate insulating film 68 for the peripheral 
circuit. In this situation, when oxidation is per- 
formed for the formation of the gate insulating film 
66, no change is caused in the silicon nitride layer 

57 itself but only the silicon oxide layer 70 in about 
5 nm thickness is formed at the same time that the 
gate insulating film for the peripheral circuit is 
formed. 

As a result, the insulating film in the same 
thickness is provided both below the first transfer 
gate electrode 58 and the second transfer gate 
electrode 60. 

The second transfer gate electrode 60 is also 
formed by photoetching, but when etching is per- 
formed to form the second transfer gate electrode 
60, the silicon nitride layer 57 is etched away in 
self-alignment together with the polysilicon film, 
except in the regions under the first transfer gate 
electrode 58 and second transfer gate electrode 
60. For etching of the polysilicon film, the etching 
conditions are so set that the etch rate of the 
polysilicon film is close to that of the underlying 
silicon nitride layer 57. 

Removal of the silicon nitride layer 57 except 
in the regions under the transfer electrodes 58 and 
60 serves to reduce the stress applied to the entire 
device, as shown in Figure 9E. Also, the removal of 
the silicon nitride layer prevents the light falling on 
the photodiode from suffering attenuation when the 
charge-coupled device is used as a solid-state im- 
aging sensor or the like. Thereafter, insulating films 
and aluminum wiring patterns are formed to com- 
plete the fabrication of the charge-coupled device. 

According to the above process, in the CCD 
channel region, the transfer gate insulating film is 
formed from a multilayer film having good stability, 
and in the peripheral circuit region, the transistor is 
formed using the gate insulating film 68 having a 
reduced surface state. 

Since a silicon oxide layer with reduced sur- 
face and trapping states is used for the surface- 
channel MOS transistor in the peripheral circuit, the 
final device is provided with better characteristics 
than charge-coupled devices using only ONO films 
which cause degradation in the noise characteris- 
tics due to the surface state density, the shifting of 
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Vth and deterioration of conductance gm due to the 
film trap density, etc. 

Figures 10A through 10F show cross-sectional 
views illustrating the process sequence for fabricat- 
ing a sixth embodiment of the present invention. A s 
process sequence for forming two or more MIS 
transistors is described, the process being based 
on the fabrication process described in the fourth 
embodiment. 

First, boron ions are implanted into the entire io 
surface of an n-type silicon substrate 51 . An anneal 
process step is then performed to form a p-type 
diffusion layer 52. The diffusion depth of the p-type 
diffusion layer 52 is about 5 u,m. Next, the surface 
of the silicon substrate 51 is thermally oxidized to 15 
form a silicon oxide layer 83 in 50 nm thickness. 
After that, a silicon nitride layer 84 is formed on the 
silicon oxide layer 83 by using low-pressure CVD. 
The thickness of the silicon nitride layer 84 is 120 
nm. 20 

Thereafter, using a known photolithography 
technique, a resist pattern is formed over the entire 
surface except the area where an isolation oxide 54 
is formed. Using the resist pattern as a mask, the 
silicon nitride layer 84 is etched away. Further, the 25 
silicon oxide layer 83 is etched to expose the 
surface of the silicon substrata 51. After that, the 
resist pattern is removed. The silicon substrate 51 
with the silicon nitride layer 84 and silicon oxide 
layer 83 thus removed is then thermally oxidized to 30 
grow the isolation oxide 54. In the isolation oxide 
54, an oxide film of about 500 nm thickness, called 
LOCOS, is formed, as shown in Figure 10A. 

The silicon nitride layer 84 is then removed by 
etching from the rest of the surface of the silicon 35 
substrate 51. Thereafter, using a known photo- 
lithography technique, a resist pattern (not shown) 
is formed on the region where a MIS transistor is 
formed. After that, ion implantation is performed 
over the entire surface of the silicon substrate 51. 40 
After that, the resist pattern is removed. 

Further, an anneal process is performed to 
form an n-type diffusion layer 53 which acts as the 
transfer channel. The n-type diffusion layer 53 in 
diffused to a depth of 0.5 urn. The silicon oxide 45 
layer 83 used as a protective film is then removed 
by etching, as shown in Figure 10B. 

Next, the silicon substrate 51 is thermally ox- 
idized to form a silicon oxide layer 56 in 80 nm 
thickness. Further, using low-pressure CVD, a sili- 50 
con nitride layer 57 in grown to a thickness of 40 
nm on the silicon oxide layer 56. 

Thereafter, using a known photolithography 
technique, a resist pattern (not shown) is formed 
having an opening corresponding to a peripheral 55 
circuit region where a first MIS transistor is formed. 
Using the resist pattern as a mask, the silicon 
nitride layer 57 is removed by plasma etching. 



Thus, the silicon nitride layer 57 is removed from 
the region where the first MIS transistor is formed. 

Further, the silicon oxide layer 56 exposed in 
this region is removed by wet etching using a 
mixed solution of hydrofluoric acid and ammonium 
fluoride. It will be appreciated that plasma etching 
may be used to etch the silicon oxide layer 56. The 
silicon substrate 51 is now exposed in the region 
where the MIS transistor is formed. Next, the resist 
pattern is removed (Figure 10C). 

Thereafter, thermal oxidation is performed to 
form a silicon oxide layer 71 on the exposed sur- 
face of the silicon substrate 51. In the buried- 
channel charge transfer region, a two-layer film 
consisting of the silicon oxide layer 56 and the 
silicon nitride layer 57 is already formed. Since the 
upper silicon nitride layer 57 has a slow oxidation 
rate, increasing the thickness of the silicon oxide 
layer 71, the gate insulating film for the MIS tran- 
sistor, does not cause any adverse effects to the 
silicon nitride layer 51 and can therefore be ad- 
justed as desired. In this embodiment, the silicon 
nitride layer 57 is grown to a thickness of 50 nm. 
During the thermal oxidation, a silicon oxide layer 
70 of about 5 nm thickness is also grown on the 
silicon nitride layer 57 in the charge transfer region, 
as shown in Figure 10D. 

Thereafter, a first polysilicon film is deposited 
and doped with phosphorus for low resistivity. The 
first polysilicon film is then photo-etched to simulta- 
neously form a first transfer gate electrode 58 of 
the charge-coupled device and a gate electrode 72 
of the MIS transistor in the peripheral circuit. At this 
time, the silicon oxide layer 71 is also etched to 
form the gate oxide film for the first MIS transistor, 
as shown in Figure 10D. 

After that, using a known photolithography 
technique, a resist pattern (not shown) is formed 
having an opening corresponding to a region where 
a second MIS transistor is formed. Using the resist 
pattern as a mask, the silicon nitride layer 51 is 
removed by plasma etching. Thus, the silicon 
nitride layer 57 is removed from the region where 
the second MIS transistor is formed. 

Further, the silicon oxide layer 56 exposed in 
this region is removed by wet etching using a 
mixed solution of hydrofluoric acid and ammonium 
fluoride. The silicon substrate 51 is now exposed in 
the region where the MIS transistor is formed. 
Next, the resist pattern is removed. Thereafter, 
thermal oxidation is performed to form a silicon 
oxide layer 73 on the exposed surface of the 
silicon substrate 51. During this oxidation process, 
the polysilicon film as the transfer electrode 58 is 
also oxidized to form a silicon oxide layer 59, 
which serves to electrically isolate the first transfer 
electrode from a second transfer electrode subse- 
quently. 
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At this time, the silicon oxide layer 70 is 
formed in the regions of the buried-channel charge 
transfer block where the first transfer electrode 58 
is not formed. The silicon oxide layer 70 is further 
grown by the formation of the silicon oxide layer 5 
73, the gate insulating film for the second MIS 
transistor. However, in this case also, increasing 
the film thickness does not adversely affect the 
underlying silicon nitride layer 57 which has a slow 
oxidation rate. This allows the thickness of the 10 
silicon oxide layer 73, the gate insulating film for 
the MIS transistor, to be adjusted as desired. In 
this embodiment, the thickness of the silicon oxide 
layer 73 is set to 80 nm. 

Thereafter, a second polysilicon film is depos- 75 
ited and doped with phosphorus for low resistivity. 
The second polysilicon film is then photo-etched to 
simultaneously form a second transfer gate elec- 
trode 60 of the charge-coupled device and a gate 
electrode 74 in the peripheral circuit. At this time. 20 
the silicon oxide layer 73 is also etched to form the 
gate oxide film for the second MIS transistor 
(Figure 10E). 

Next, the second gate electrode 74 is formed 
by photoetching. At the same time, the silicon 25 
nitride layer is etched away in self-alignment ex- 
cept in the regions under the first transfer gate 
electrode 58 and second gate electrode 60 which 
are used as a mask for the etching (Figure 10F). 

As described, in the formation of the peripheral 30 
circuit, films having two different thicknesses are 
provided, one being 50 nm in the first peripheral 
circuit region and the other being 80 nm in the 
second peripheral circuit region, the gate insulating 
films being best fit for forming surface-channel 35 
transistors having reduced surface states and trap- 
ping states. In this embodiment, silicon oxide lay- 
ers of 50 nm and 80 nm thicknesses are formed, 
but the oxide film thickness can be changed within 
the range that can provide the desired dielectric 40 
strength. In the final step, insulating films and alu- 
minum wiring patterns are formed to complete the 
fabrication of the charge-coupled device. 

In the case of a device with a three or more 
level gate also, the silicon oxide layer can be 45 
formed after removing the silicon nitride layer from 
the peripheral circuit in the same manner as de- 
scribed above. 

As described, since the silicon nitride layer is 
removed from the peripheral circuit, the MIS tran- 50 
sistors can be formed in regions that are least 
susceptible to the effect of surface states. This 
prevents Vt from being affected by the stress. Also, 
since the gate insulating film for the peripheral 
circuit is simultaneously formed in the charge- 55 
transfer region topped with the silicon nitride layer, 
the process is simplified and the gate insulating 
film thickness can be chosen to meet specific 



purposes. Furthermore, the first transfer electrode 
in the charge transfer block and the gate electrode 
in the peripheral circuit are formed in self-align- 
ment, which also serves to simplify the process. 
Moreover, the silicon nitride layer remains in the 
upper layer of the charge transfer region when the 
process proceeds to the formation of the gate 
insulating film for the peripheral circuit. In this 
situation, when oxidation is performed to form the 
gate insulating film, no change is caused in the 
silicon nitride layer itself but only a silicon oxide 
layer in about 5 nm thickness is formed at the 
same time that the gate insulating film for the 
peripheral circuit is formed. 

It is understood that various other modifications 
will be apparent to and can be readily made by 
those skilled in the art without departing from the 
scope and spirit of this invention. Accordingly, it is 
not intended that the scope of the claims appended 
hereto be limited to the description as set forth 
herein, but rather that the claims be construed as 
encompassing all the features of patentable novelty 
that reside in the present invention, including all 
features that would be treated as equivalents there- 
of by those skilled in the art to which this invention 
pertains. 

Claims 

1- A charge-coupled device comprising: 

a semiconductor substrate having a top 
surface, said top surface having a charge 
transfer region and a peripheral circuit region; 

a transfer gate insulating film formed on 
said top surface of the semiconductor sub- 
strate, said transfer gate insulating film includ- 
ing at least two insulating layers and covering 
said charge transfer region; 

a plurality of transfer gate electrodes 
formed on said transfer gate insulating film; 
and 

at least one metal-insulator-semiconductor 
transistor formed at said peripheral circuit re- 
gion, said transistor having a gate insulating 
film formed on said peripheral circuit region, 
said gate insulating film including at least one 
of said two insulating layers. 

2. A charge-coupled device according to claim 1 , 
wherein at least said two insulating layers com- 
prises a silicon oxide layer formed on said 
charge transfer region, and a silicon nitride 
layer formed on said silicon oxide layer. 

3- A charge-coupled device according to claim 2, 
wherein the thickness of said silicon oxide lay- 
er is 10 nm to 200 nm, and the thickness of 
said silicon nitride layer is 10 nm to 100 nm. 
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A charge-coupled device according to claim 2, 
wherein another silicon oxide layer is formed 
on said silicon nitride layer and said peripheral 
circuit region of the semiconductor substrate, 
and part of said another silicon oxide layer 5 
constitutes said gate insulating film. 

A charge-coupled device comprising: 

a semiconductor substrate having a top 
surface, said top surface having a charge io 
transfer region and a peripheral circuit region; 

a transfer gate insulating film formed on 
said top surface of the semiconductor sub- 
strate, said transfer gate insulating film includ- 
ing at least two insulating layers and covering 75 
said charge transfer region; 

a plurality of transfer gate electrodes 
formed on said transfer gate insulating film; 

at least one first metal-in sulator-semicon- 
ductor transistor formed at said peripheral cir- 20 
cuit region, said first metal-insulator-semicon- 
ductor transistor having a first gate insulating 
film formed on said peripheral circuit region, 
said first gate insulating film including at least 
one of said two insulating layers; and 25 

at least one second metal-insulator-semi- 
conductor transistor formed at said peripheral 
region, said second metal-insulator-semicon- 
ductor transistor having a second gate insulat- 
ing film formed on said peripheral circuit re- 30 
gion, the thickness of said second gate insulat- 
ing film being different from that of said first 
gate insulating film. 

A charge-coupled device according to claim 5, 35 
wherein at least said two insulating layers com- 
prises a first silicon oxide layer formed on said 
charge transfer region, a silicon nitride layer 
formed on said first silicon oxide layer and a 
second silicon oxide layer formed on said sili- 40 
con nitride layer, and part of said second sili- 
con oxide layer constitutes said first gate in- 
sulating film. 

A charge-coupled device according to claim 6, 45 
wherein the thickness of said silicon oxide lay- 
er is 10 nm to 200 nm, and the thickness of 
said silicon nitride layer is 10 nm to 100 nm. 

A solid sate imaging sensor comprising: 50 
a semiconductor substrate having a top 

surface, said top surface having a plurality of 

photodiodes regions and a plurality of charge 

transfer regions; 

a plurality of photodiodes formed at a re- 55 

spective one of said plurality of photodiode 

regions, 

a plurality of transfer gate insulating films 



formed on said top surface of the semiconduc- 
tor substrate, each of said transfer gate insulat- 
ing films including at least two insulating layers 
and covering a respective one of said charge 
transfer regions, one of said at least two in- 
sulating layers covering a respective one of 
said photodiode region; and 

a plurality of transfer gate electrodes 
formed on said transfer gate insulating film. 

9. A charge-coupled device comprising: 

a semiconductor substrate having a top 
surface, said top surface having a charge 
transfer region and a peripheral circuit region; 

a field isolation oxide disposed between 
said charge transfer region and said peripheral 
circuit region, said filed isolation oxide sur- 
rounding said peripheral circuit region; 

an insulating film formed on said periph- 
eral circuit region, said insulating film spaced 
away from an edge of said filed isolation oxide 
by a distance; 

a transfer gate insulating film formed on 
said top surface of the semiconductor sub- 
strate, said transfer gate insulating film includ- 
ing at least two insulating layers and covering 
said charge transfer region; 

a plurality of transfer gate electrodes 
formed on said transfer gate insulating film; 
and 

at least one metal-insulator-semiconductor 
transistor formed at said peripheral region, said 
transistor having said gate insulating film, said 
gate insulating film including at least one of 
said two insulating layers. 

10. A charge-coupled device according to claim 9, 
wherein said distance is more than the thick- 
ness of said field isolation oxide. 

11. A method of fabricating a charge-coupled de- 
vice, said method comprising the steps of: 

forming a first silicon oxide layer on a top 
surface of a semiconductor substrate, said top 
surface having a charge transfer region and a 
peripheral circuit region; 

forming a silicon nitride layer on said first 
silicon oxide layer; 

forming at least one window through said 
silicon nitride layer and said silicon oxide layer, 
said window exposing part of said peripheral 
circuit region; 

oxidizing said part of the peripheral circuit 
region and a surface of said silicon nitride for 
forming a second silicon oxide layer on said 
part of the peripheral circuit region and on said 
silicon nitride layer, thereby forming a transfer 
gate insulating film including said first silicon 
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oxide layer, said silicon nitride layer and said 
second silicon oxide layer; and 

depositing a polysilicon film on said sec- 
ond silicon oxide layer, and patterning said 
polysilicon film into a plurality of transfer gate 5 
electrodes and at least said one gate elec- 
trode, said transfer gate electrodes being over 
said charge transfer region and said at least 
one gate electrode being over said part of the 
peripheral circuit region. w 

12. A method of fabricating a charge-coupled de- 
vice comprising the steps of: 

forming a field isolation oxide at a pre- 
scribed region of a top surface of a semicon- is 
ductor substrate for dividing said top surface 
into a charge transfer region and a peripheral 
circuit region by said field isolation oxide; 

forming a first silicon oxide layer on said 
top surface of said semiconductor substrate; 20 

forming a silicon nitride layer on said first 
silicon oxide layer; 

removing a portion of said silicon nitride 
layer, said portion being at said periphery cir- 
cuit region in said top surface of the semicon- 25 
ductor substrate, for exposing a surface of said 
first silicon oxide layer; 

removing a portion of said first silicon ox- 
ide layer, said portion being at said periphery 
circuit region of said top surface of the semi- 30 
conductor substrate; 

forming a second silicon oxide layer on 
said silicon nitride layer for forming a transfer 
gate insulating film including said first silicon 
oxide layer, said silicon nitride layer and said 35 
second silicon oxide layer; 

forming a plurality of first transfer gate 
electrodes on said transfer gate insulating film 
and simultaneously forming a gate electrode 
on said second silicon oxide layer; 40 

forming a third silicon oxide layer at sur- 
faces of said first transfer gate electrodes by 
oxidizing said surfaces of the first transfer gate 
electrodes; and 

forming a plurality of second transfer gate 45 
electrodes on said transfer gate insulating film 
and said third silicon oxide layer. 

13. A method of fabricating a charge-coupled de- 
vice comprising the steps of: 50 

forming a field isolation oxide at a pre- 
scribed region of a top surface of a semicon- 
ductor substrate for dividing said top surface 
into a charge transfer region and a peripheral 
circuit region by said field isolation oxide; 55 

forming a first silicon oxide layer on said 
top surface of said semiconductor substrate; 

forming a silicon nitride layer on said first 
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silicon oxide layer; 

removing a first portion of said silicon 
nitride layer, said first portion being at said 
periphery circuit region of said top surface of 
said semiconductor substrate, for exposing a 
surface of said first silicon oxide layer; 

removing a first portion of said first silicon 
oxide layer for exposing a surface of the semi- 
conductor substrate, said first portion being at 
said periphery circuit region of said top surface 
of the semiconductor substrate; 

forming a second silicon oxide layer on 
said silicon nitride layer for forming a transfer 
gate insulating film including said first silicon 
oxide layer, said silicon nitride layer and said 
second silicon oxide layer; 

forming a plurality of first transfer gate 
electrodes on said transfer gate insulating film 
and simultaneously forming a first gate elec- 
trode on said second silicon oxide layer; 

removing a second portion of said silicon 
nitride layer, said second portion being at said 
periphery circuit region of said top surface of 
the semiconductor substrate, for exposing a 
surface of said first silicon oxide layer; 

removing a second portion of said first 
silicon oxide layer for exposing a surface of 
said semiconductor substrate, said second 
portion being at said periphery circuit region in 
said top surface of thesemiconductor sub- 
strate; 

forming a third silicon oxide layer at sur- 
faces of said first transfer gate electrodes by 
oxidizing said surfaces of the first transfer gate 
electrodes; and 

forming a plurality of second transfer gate 
electrodes on said transfer gate insulating film 
and said third silicon oxide layer, and simulta- 
neously forming a second gate electrode on 
said second silicon oxide layer. 
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This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



